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:XXXIL On the Statistical Theory of Radiation. 
B y  Prof .  Sir J .  LARMOR, Ir 

I N the Philosophical Magazine for July  (p. 122) Prof. 
H. A. Wilson, in a valuable review of my recent paper 

on the statistical theory of natural radiation t, concludes that 
its procedure does not really evade lhe main difficulty, that 
an atomic constitution of energy must be implied in such 
investigations. One of the positions advanced in the paper 
was that the magnitude of tim element of energy needed ~or 
the statistics might  be chosen at will, provided the size of the 
elementary cell was chosen in a fixed proportion to it. 
Though such a theory has, and must have on the most 
favourable view, imperfect  and provisional features, it does 
not appear to me that  Prof.  Wilson has est,~blished this 
formidable addition to their nmnber, and for the following 
reason. 

Using his notation, the heads of the argument there set 
out, perhaps too briefly~, were as fo]lows. If S is entropy 
and W is the number  of ways in which the system can be 
arranged in the actual state, then 

S = k  log W 
= k log W~W2 ... W~, 

where W,,  W~ ... are the numbers for the parts of the system. 
I f  the first part  contains ~1 elements of energy each of amount 
e,, contained in N1 cells, and similarly for the others, then 
the total energy is 

E ~ e l n  I --]- r dr- . . .  ~.Tt r.  

The natural state of an isolated system is the one that makes 
S maximum subject to E remaining constant. This requires 

1 BS 1 ~S  

where e,~n~=~E,, . . . .  Thus ~ is a quantity the samo for 
all the parts of a system which is in equilibrium of exchanges 
of energy : in fact if absolute temperature T is defined by 
the Clausius formula dS=dE]T, then ~ is T - ' .  Also the 
working out of the actual value of W, leads to 

* Communicated by the Author. 
t Roy. Soc: Proc. 1909, vol. lxxxiii. A. pp. 82-95. 
:t Err~t~ shou]d be noted �9 on p. 92 ~ should be T ; on p. 93 the factor 

8~rlh ~ should be ~/'8~'. 
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Thus, finally, for the distribution of energy among the parts 
of the system we have tile formula (Planck's) 

~1~I 
~1 = •lel = eke1~, s  i" 

The argument o[ Prof. Wilson is that El(----nlel) as thus 
determined cannot be independent of tile size of the energy- 
element el, because el is the only variable that enters except 
Iql, which measures the extent of the system, so that any 
change o[ el must change the value of El, even though etNl 
is kept constant : for example, if el is taken very small, the 
formula becomes 

El = ~lk-lT, 

which represents the law of eqnipartition. But this un- 
welcome conclusion is evaded simply by recognizing that the 
value of k must be some function of the size of the energy- 
element which is taken as the basis of the statistics ; it would 
indeed be sCrange if it were otherwise. I f  kel remains finite 
as el diminishes, the equipartition is not attained unless T is 
very great. We~ shall find that it is kel that is to be taken 
as constant when el, the statistical element tbr any given type 
of energy, is changed. 

The two independent constants in the formula are in fact 
Nle I and k% Their ratio Ntk -1 is equal to the gas-constant. 
That universal quantity, and Nlel (say a) which is the ratio 
of the energy-element to the extent of a cell, are what affect 
the distribution and are thus of pre-determined values ; but 
there seems to be nothing that demands a definite magnitude 
of the energy-element itself. 

On the Boltzmann form of the theory of probability of 
distributions of energy among the molecules of" gases, k 
turned out indeed to be the gas constant. On the present 
form of theory, which involves distribution of elements of 
disturbance with their appropriate energies in the containing 
system as mapped out into cells, instead of mere collocation 
of elements with regard to one another, this conclusion need 
not hold. We may probe this point further. I t  is known 
as a fact that, under ideal conditions, equable partition is 
very nearly attained as regards the translatory and rotatory 
parts of the energy of the molecules of a gas. This requires 
that, if e, is the value of e corresponding to each of the 
translatory or rotatory types of freedom, it must prove to be 
so small compared with ca, q . . . .  that the exponent ke,]T is 
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also small ; for that is needed in order to lead to this law of 
approximately equable partition, in the form 

E, = n,~, = N,k-IT. 

In this special result the value of the element of energy 
e, has become eliminated. Also N,k -I musL be the gas con- 
stant R ; and since N,z, must be ~, another universal constant, 
we have kS, =~]R. Hence in this case of simple gas-theory 
the value of k should be inversely as the scale of magnitude 
of the elements of energy chosen ; and the size of a standard 
cell should be directly as that element. And this result 
must be universal. 

Thus the conclusion is, briefly, that to render the entropy 
independent of the scale of minuteness of sub-division of the 
statistics, as is natural, we have only to define it as k log W, 
where the value of k (it' we decide to retain it in the formulas) 
must vary directly as this amount of sub-division, or inversely 
as the scale of sizes of the elements of energy that are 
employed in the'analysis. But, on the other han~t, if k had 
the same value whatever be the scale of' the statistics that is 
adopted, conclusions such as those of Prof. Wilson regarding 
the magnitude of the ultimate element of energy would 
necessarily follow. 

To connect formally the values of e, thus demanded by 
experimental knowledge for gas-theory, with those that 
obtain for the types of radiant energy, would involve a rather 
long argument. But the present type of theory works out 
tbr the domain of radiation as above, and it is readily seen 
that it works out for the domain of gas theory on the ordinary 
lines as indicated in the paper ret'erred to; while a bridge 
can be constructed between the two, as there suggested, by 
noting that both for translatory and rotatory motions in gas- 
theory and for radiation of long wave-length, the principle 
of equipartition is practically effbctive, so that we may take 
advantage of Prof. Lorentz's tn~in of ideas connecting these 
equipartitions by a calculation of the amount of' the natural 
radiation from a thin metallic plate, considered as arising 
from the collisions of the moving free electrons that are 
required by its electric conductivity. 

The existence of another universal physical constant (~), 
in addition to that of gas-theory, has been postulated without 
any explanation as yet. But its existence is independent of 
these statistical theories ; and it thus seems to have come to 
stay in some form or other. In fact it was early pointed out 
by Wien and by Thiesen that the value X,,T, where X,,, is the 
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wave-length of maximum radiation at temperature T, and 
which is by Wien's displacement-law a universal constant, 
suffices and is required, in conjunction with the other re- 
cognized universal constants of nature, to establish an absolute 
system of fundamental units of mass, length, and time ; its 
dimensions are therefore not expressible in terms of those of 
other universal constants, and it must have an independent 
existence of its own. 

Cambridge, July 4, 1910. 

XXXII I .  The Amount of Thorium in Sedimentary _Rocks. 
lI .  Arenaceous and Argillaceous _Rocks. J~y J. JOLY, 
JF.R.S.* 

I N this paper the results of thorium measurements applied 
to detrital sedimentary rocks are given. The method 

used has been described in previous papers (Phil. Mug. May 
~nd July 1909). The rock is ground to a fine powder and 
passed through a sieve of 100 mesh to the inch. It is then 
mixed with from 2~ to 3�89 times its weight of mixed car- 
bonates (thorium-free) and fused in a closed tdatinmn 
crucible till effervescence ceases. The melt is thrown while 
fluid into a platinum dish, and what remains in the crucible 
chilled and broken ont. [['he fragments are then ground 
to a coarse powder in a mortar and leached in hot water 
over the water-bath. After standing all night the cold 
supernatant liquid is removed by decantation. The residue 
is ground to a paste in the mortar ; about 100 c.c. of water 
added, and finally 80 to 100 c.c. of strong HCI (thorium-free) 
rapidly stirred in. The final solution is seldom quite limpid. 
I have not found, however, that the presence of a small 
amount of precipitate interferes with the liberation of the 
emanation. Known quantities of a thorite solution added to 
such rock solutions, or mixed with the rock-po~ der before its 
decomposition in the crucible, produce the s:,me effect upon 
the electroscope, sensibly, as do limpid aqueous solutions 
containing the same quantity of thorimn. 

The alkaline solution, which is poured off the insoluble 
part of the melt,, contains very little thorium ; in most cases 
none that can be detected with certainty under the con- 
ditions of the experiment, whether the solution is acidified 
or not. The examination of the alkaline solutions has, 
therefore, not been carried out in every cnse. The investi- 
gation is tedious and generally indecisive, many L'ours of 

* Commtmicated by the Author. 


